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Univers
osting by E
cense.Abstract The isothermal decomposition of un-irradiated (pristine) and pre-c-irradiated indium
acetate was studied in the temperature range (298–1273 K) and in air using isothermal thermogravi-
metric technique. The data were analyzed using various solid-state reaction models. The results
showed that the kinetic of isothermal decomposition of indium acetate was governed by random
nucleation reaction (Erof’ev equation A3). The kinetics and thermodynamic parameters of the main
decomposition process for un-irradiated and c-irradiated samples were calculated and evaluated.
ª 2009 King Saud University. Open access under CC BY-NC-ND license.1. Introduction
Thermal decomposition of solids is an important ﬁeld of solid-
state chemistry with wide technical applications (Brown et al.,
1980). Pre exposure to ionizing radiation (c-ray or UV light)
was found to accelerate the thermal decomposition of solids.
Previous work on the thermal decomposition of metal acetates
indicated that the isothermal decomposition kinetics could be
affected markedly by prior exposure to ionizing radiation
(Mahfouz et al., 2000, 2009; Monshi et al., 1998; Alshehri
et al., 2000). In general the effects with increasing dose are a
shortening of the induction period followed by an overall de-
crease in time required to complete the reaction (Monshi
et al., 1999). Metal acetates represent an important class ofity.
lsevierthe compounds with wide technical and biological
applications.
In this investigation, the kinetics of the isothermal decom-
position of indium acetate before and after c-irradiation has
been studied in order to shed more lights on the mechanistic
model govern the decomposition of indium acetate in solid-
state. The study aims also to investigate the role of c-irradia-
tion on the mechanistic model of decomposition and the
kinetic values of the main decomposition process in view of
the behaviour of indium acetate as economic catalyst.2. Experimental
Indium acetate (BDH, England) was used without further
puriﬁcation. The sample used for investigation was dried at
200 C in a mufﬂe furnace to ensure complete dehydration.
The decomposition of indium acetate in air yield In2O3 and
volatile products and within experimental error eventually
goes to completion. The investigated sample weights were in
the range of 100 mg. The decomposition was followed in air
using isothermal thermogravimetric technique in the tempera-
ture range (298–1273 K) using TGA-1, Perkin-Elmer. For iso-
thermal measurement the heating rate was 5 C/min (Li-Lan
et al., 2003).
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in glass vials and were exposed to successively increasing doses
of radiation at constant intensity using Co-60 c-ray cell 220
(Nordion INT-INC, Intario, Canada) at a dose rate of
104 Gy/h. The source was calibrated against Fricke ferrous
sulphate dosimeter and the dose rate in the irradiated samples
was calculated by applying appropriate corrections on the
basis of photon mass attenuation and energy-absorption
coefﬁcient for the sample and the dosimeter solution
(Mansour, 1993).
3. Results and discussion
Fig. 1 shows thermogravimetry (TG) and differential thermal
analysis (DTA) curves of the thermal decomposition of indium
acetate in air. The TG curve shows that the decomposition of
In(CH3COO)2 takes place in a single step accompanied by an
exothermic peak at the temperature 523 K corresponding to
formation of In2O3 and volatile products. The weight loss
was estimated to be about (46.66%) of the total weight in good
agreement with the theoretical calculated value (47.56%).
Isothermal decomposition of indium acetate was studied in
the temperature range (533–543 K). The isothermal a/t dataFigure 1 TG and DTA
Table 1 Mechanistic equation examined in this work.
Equation
One-dimensional diﬀusion
Two-dimensional diﬀusion
Jander equation, three-dimensional diﬀusion
Ginstling–Brounshtein equation three-dimensional diﬀusion
Two-dimensional phase-boundary reaction
Three-dimensional phase-boundary reaction
First-order kinetic
Prout–Thompkins branching nuclei
Random nucleation: Avrami equation
Random nucleation: Erof’ev equationfor the main process, i.e. the acceleratory region of indium ace-
tate decomposition (0.038 < a< 0.98) were analyzed accord-
ing to the various kinetic mechanisms cited in Table 1 (Spinks
and Woods, 1990). Fig. 2 shows a–t curves of the isothermal
decomposition of un-irradiated and pre-c-irradiated indium
acetate with 1 · 106 Gy total dose at three different decompo-
sition temperatures (533, 538 and 543 K), where a is the frac-
tion decomposed at the decomposition time t. The curves
show an increase in the fraction decomposed a with an increase
in the decomposition time up to a maximum value (amax.)
depending on the temperature investigated. In general the iso-
thermal decomposition of both un-irradiated and pre-c-irradi-
ated material produces deceleratory a–t curves. It should be
emphasized that the decomposition of c-irradiated indium ace-
tate proceeds faster and ended in a time much lower than the
decomposition time necessary for complete decomposition of
un-irradiated sample.
Under isothermal conditions, the rate constant k, is inde-
pendent of the reaction time and so kt= g(a). A plot of g(a)
vs. t should give a straight line if the correct form of g(a) vs.
t is reached. The function g(a) depends on the mechanism con-
trolling the reaction, the size and shape of the reacting particles
(Gadalla, 1984). In a diffusion-controlled reaction: D1 is theof indium acetate.
Function Function
a2 D1
(1  a)ln(1  a) + a D2
[1  (1  a)1/3]2 D3
(1  2a/3)  (1  a)2/3 D4
1  (1  a)1/2 R2
1  ln(1  a)1/3 R3
ln(1  a) F1
ln[a/(1  a)] A1
[ln(1  a)]1/2 A2
[ln(1  a)]1/3 A3
Figure 2 Fractional decomposition a vs. time curves for the isothermal decomposition of indium acetate c-irradiated and un-irradiated
(total dose 1 · 106 Gy).
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parabolic law, with constant diffusion coefﬁcient; D2 is for a
two-dimensional diffusion-controlled process into a cylinder;
D3 is Jander’s equation for diffusion-controlled reaction in a
sphere and D4 is a function for a diffusion-controlled reaction
starting on the exterior of a spherical particle. In phase-bound-
ary-controlled reactions, the reaction is controlled by move-
ment of an interface at constant velocity and nucleation
occurs virtually instantaneously, then, the equation relating a
and t is the R2 function for a circular disc reacting from the
edge inward and the function R3 for a sphere reacting from
the surface inward. If the solid-state reaction follows ﬁrst order
kinetic (F1 function) then the rate-determining step is the
nucleation process and there is an equal probability of nucle-
ation at each active site. In phase-boundary reaction, it is
assumed that the nucleation step occurs instantaneously, soFigure 3 Isothermal decomposition curves fothat the surface of each particle is covered with a layer of
the product. Nucleation of the reactant, however, may be a
random process, not followed by rapid surface growth. As
the nuclei grow larger they must eventually impinge on one
another, so that growth ceases where they touch. This process
has been considered by Avrami and Erof’ev, who have given
the function A2 and A3, respectively (Sharp et al., 1966). Our
results show that isothermal data of indium acetate decompo-
sition obey random nucleation reaction (Erof’ev equation A3)
as shown in Fig. 3.
Kinetic values of the thermal decomposition of indium ace-
tate were calculated by using Arrhenius equation. Entropy and
enthalpy changes accompanying the decomposition process
were calculated using the following equation (Eyring, 1935):
ln
k
T
¼ DH
#
RT
þ ln R
Nh
þ DS
#
R
ð1Þr indium acetate according to A3 function.
Table 2 Kinetic and thermodynamic values of the isothermal decomposition of un-irradiated and (c-irradiated) indium acetate.
Indium acetate Ea (kJ mol1) DS# (J mol1 K1) DH# (kJmol1) ln A (min1)
Un-irradiated 190.60 117.47 184.18 36
c-Irradiated (106 Gy) 100.76 53.59 88.38 19.16
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temperature, N the Avogadros’ number and h is the Plank con-
stant. Plotting ln k/T against 1/T the slope and intercept give
DH# and DS#, respectively.
Thermodynamic values are listed in Table 2. The signiﬁcant
changes in the reported values before and after c-irradiation
could be interpreted in the light of the high damage induced
by c-irradiation. These phenomena could be of valuable effect
on the utilization of indium acetate as catalyst.
3.1. Mechanism of decomposition
In general mechanism of the decomposition of solids could be:
(i) electron transfer, (ii) proton transfer, and (iii) breaks down
of the anion or bond scission. Electron transfer operates mainly
at low temperatures while at high temperatures proton transfer
and bond rupture predominates. Thermal decomposition of in-
dium acetate under the present experimental conditions showed
that the rate of reaction in the acceleratory region initially in-
creases with time until a maximum is attained. Anion break
down is envisaged as proceeding through a catalytic-type pro-
cess on the surfaces of the oxidic indium particles that consti-
tute the active advancing interfaces. The decomposition
thereafter proceeds by nucleation process for both un-irradi-
ated and pre-c-irradiated samples of indium acetate.
The following mechanism could be suggested to explain the
decomposition process and the formation of gaseous products.
The main step in the suggested mechanism is the rupture of
C–O and C–C bonds followed by electronic rearrangement.
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1 23.2. Role of irradiation
Upon irradiation with 60Co c-ray, the Compton effect has the
largest cross-section, except for materials of very high atomic
number and moreover the number of atoms displaced has its
maximum in the very light elements and diminishes to zero
around atomic number 125 (Evans, 1967). c-Irradiation gener-
ates additional sites of potential nucleation. These may be
crystal defects or reactive radicals that are not necessarily iden-
tical with intrinsic nucleation sites but are of comparable reac-
tivity and or more probably evolve by a similar sequence of
steps into growth nuclei. More extensive irradiation advances
the onset of reaction; this is envisaged as being due to the
involvement of a small amount of decomposition products,
which advance the transformation of all precursor-specialized
sites into active growth nuclei. The kinetic of growth of all
nuclei are identical. The observed increase in reaction rate
for c-irradiated samples is ascribed to a direct relationship
between the extent of salt c-irradiation and number of nuclei
developed on subsequent decomposition.References
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